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colour	 difference	 required	 between	 the	 blend	 components.	 Based	 on	 this	
understanding	 the	 lowest	 number	 of	 primaries	 required	 to	 populate	 a	 given	
colour	gamut	can	be	determined.	
	
A	 series	 of	 psychophysical	 experiments	 were	 carried	 out	 to	 explore	 the	
relationship	between	the	colour	difference	between	fibre-blend	components	and	
whether	 the	 resulting	 blended	 samples	 are	 perceived	 as	 being	 visually	 solid.	
Experiments	were	carried	out	with	 loose	stock	 fibre,	yarn	and	knitted	samples.	
Generally,	it	was	found	that	the	likelihood	that	a	blend	appeared	as	visually	solid	
increased	 as	 the	 average	 colour	 difference	 between	 the	 blend	 components,	 or	
primaries,	decreased.	The	value	of	the	mean	colour	difference,	for	which	50%	of	
participants	viewed	the	blend	as	being	visually	solid,	was	found	to	be	20.8,	20.5	









number	 of	 ‘primaries’.	 The	 advantages	 of	 this	 approach	 can	 be	 both	












The	 blending	 of	 coloured	 fibre	 can	 take	 place	 at	 various	 stages	 of	 the	 fibre-
production	cycle	 including,	 for	example,	before	opening,	during	drawing,	at	 the	
roving	frame,	or	during	spinning	itself	[2].	However,	to	develop	a	commercially	
viable	system	it	is	necessary	to	have	models	that	can	predict	the	colour	of	blends,	
given	 the	 colour	 of	 the	 primaries	 used	 in	 the	 blend	 and	 their	 proportional	
amounts.	Fortunately,	a	number	of	methods	have	been	shown	to	be	able	to	predict	







textiles	 and	 how	 should	 these	 be	 distributed	 in	 colour	 space?	 The	 fewer	 the	
number	of	primaries	the	more	economical	the	system	can	be;	on	the	other	hand,	
if	 the	 primaries	 are	 too	 few	 then	 the	 mixtures	 are	 likely	 to	 appear	 mottled	
(mélange)	rather	than	solid.	There	may	be,	of	 course,	market	opportunities	 for	






so	 that	 their	 mixtures	 cover	 the	 gamut	 of	 coloured	 textiles	 and	 appear	 to	 be	
visually	solid	at	some	specified	viewing	distance?	This	is	the	key	question	that	the	














For	 conventional	 dyeing	 processes	 three-dye	 recipes	 are	 typical,	 although	 for	
various	reasons	sometimes	more	than,	or	even	less	than,	three	dyes	are	used	in	a	





to	create	a	 three-dimensional	gamut.	 If	a	single	primary	 is	considered	then	the	
colour	 gamut	 is	 a	 single	 point	 in	 colour	 space;	 if	 two	 or	 three	 primaries	 are	
considered	then	the	colour	gamut	is	a	line	or	a	plane	respectively;	if	four	primaries	






four	 components	 there	 are	 six	 colour	 differences	 between	 the	 primaries	 (see	












samples	 [12].	 A	 total	of	 10	 blends	were	 prepared,	 each	made	 from	 four	of	 the	















After	 the	 first	 and	 second	pass	 through,	 the	 parallel	 batt	was	 rotated	 90°.	The	





a	 Spectraflash®	600	PLUS	 spectrophotometer	 (100%	UV,	 specular	 component	
excluded,	large	aperture	view,	optical	geometry	of	d/8°).	Reflectance	factors	at	35	
wavelengths	(10-nm	intervals	between	360	nm	and	700	nm)	were	then	exported	
into	 MATLAB	 for	 data	 analysis,	 comparison	 and	 conversion	 to	 CIELAB	 (D65	






























Each	 yarn	 was	 wound	 around	 a	 piece	 of	 7.5	 ×	 7.5	 cm	 neutral	 grey	 card	 with	
sufficient	thickness	so	that	the	grey	card	was	not	visible.	There	was	insufficient	
yarn	 to	 create	 larger	 samples.	 However,	 previous	 studies	 have	 used	 these	





because	 it	 is	 a	uniform	 fabric	 structure	which	 is	 simple	 to	produce	and	uses	a	
minimum	 amount	 of	 yarn.	 Also,	 plain	 knit	 is	 the	 most	 popular	 in	 the	 fashion	
industry	 and	 is	 said	 to	 account	 for	 approximately	 90%	 of	 all	 knitted	 fabrics	
produced	[19].	Steam	from	a	domestic	iron	was	used	to	induce	fabric	relaxation	
before	mounting	the	knitted	fabric,	using	double	sided	adhesive	tape,	onto	neutral	





















of	 the	 viewing	 booth	 and	 viewed	 from	 an	 angle	 of	 approximately	 45o	 and	 a	
distance	 of	 approximately	 45	 cm,	 a	 comfortable	 viewing	 distance	 [14],	 and	 a	






deficiency	 and	was	 therefore	 not	 eligible	 to	 take	 part	 in	 the	 remainder	 of	 the	
experiment.	Therefore,	21	participants	 (9	male,	12	 female)	with	normal	 colour	
vision	took	part	in	the	assessment	of	textile	samples.	Prior	to	taking	part	in	the	
assessments,	participants	were	shown	examples	of	single	colour	fibre,	yarns	and	
knitted	 samples	 and	 also	 mélange	 reference	 samples.	 Participants	 were	 then	
shown	 each	 of	 the	 30	 samples	 (10	 blends	 ×	 3	 material	 forms),	 one	 at	 a	 time	
presented	in	random	order,	and	asked	to	state	whether	they	thought	the	sample	
was	 composed	 of	 a	 single	 colour	 or	 contained	 more	 than	 one	 colour.	 The	






samples.	 The	 results	 show	 that	 the	 likelihood	 that	 participants	 will	 view	 the	
samples	as	being	visually	solid	increases	as	the	mean	colour	difference	between	
the	constituent	primaries	decreases.	The	rightmost	column	of	Table	3	shows,	for	
comparison,	 the	 results	 from	a	previous	study	by	one	of	 the	authors	[15].	This	
previous	study	used	the	same	samples	but	employed	slightly	different	wording	




the	 two	 studies.	 Whereas	 the	 previous	 study	 only	 considered	 fibre	 and	 knit	
samples,	 this	 study	has	extended	 the	work	 to	 include	 fibres,	 yarns	and	knitted	
11 
samples.	Table	 4	 shows	 the	 results	obtained	 in	 this	 study	with	 fibre,	 yarn	 and	
knitted	samples.	The	results	generally	indicate	that	the	probability	that	a	blend	is	
perceived	 as	 being	 visually	 solid	 does	 increase,	 as	 the	mean	 colour	 difference	







In	 Figure	 6	 the	 data	 from	 Table	 4	 are	 plotted	 and	 linear	 regression	 has	 been	
applied.	The	coefficient	of	determination	(r2)	was	found	to	be	0.69,	0.55	and	0.42	






been	 used,	DE50	 and	DE75,	 corresponding	 to	 50%	 and	 75%	of	 the	 participants	
respectively.	The	value	of	DE50	was	found	to	be	20.8,	20.5	and	18.0	for	fibre,	yarn	
and	knitted	 samples	respectively.	The	value	of	 the	more	stringent	 threshold	of	












primaries	 are	 likely	 required.	 A	 commercial	 system	with	 a	 large	 colour	 gamut	
would	consist	of	N	primaries	in	colour	space	connected	by	Delaunay	triangulation	
(as	 illustrated	 in	Figure	7).	 In	 this	system,	any	point	 in	colour	space	within	the	









cover	 the	 majority	 of	 colour	 space.	 Related	 work	 [15]	 has	 explored	 the	
relationship	between	the	mean	value	of	DE	between	the	vertices	of	the	tetrahedra	
and	the	number	of	samples	N	required	(see	Figure	8).	Given	the	threshold	DE	of	
18,	 this	 leads	 to	 an	 estimate	 of	 N	 =	 150.	 In	 other	 words,	 the	 commercial	
implications	of	this	work	are	that	a	system	that	attempts	to	create	visually	solid	
blends,	 from	 a	 limited	 number	 of	 primaries,	would	 need	 about	 150	 primaries.	
13 
Whether	this	is	practical	or	not	would	depend	upon	specific	operational	and	other	
commercial	 considerations.	 However,	 note	 that	 this	 system	 could	 be	 used	 to	
develop	fixed-primary	coloration	systems	that	cover	a	limited	colour	gamut	(for	









threshold	value	of	DE;	 that	 is,	 to	answer	 the	question	of	how	close	 together	 in	
colour	space	a	set	of	blend	components	need	to	be	in	order	for	the	blend	to	appear	

















































Primary	ID	 L*	 a*	 b*	
P2.1	 36.9	 0.6	 -4.3	
P2.2	 39.2		 6.6		 25.6		
P2.3	 61.3		 4.0		 31.4		
P2.4	 68.1		 -31.2		 -17.5		
P2.5	 74.4		 -9.1		 -24.1		
P2.6	 20.2	 3.3	 -18.2	
P2.7	 71.8		 -23.5		 -26.1		
P2.8	 74.5		 -11.3		 -19.7		
P2.9	 39.1	 1.9	 -36.4	
P2.10	 40.9	 -3.7	 -22.3	
P2.11	 32.0	 -1.0	 -15.0	
P2.12	 36.2	 28.3	 -31.6	
P2.13	 19.4	 3.1	 -14.6	
P2.14		 50.6		 7.1		 45.9	
P2.15		 35.4	 4.4	 -	47.1	








B1.A	 20%	P2.1		 30%	P2.10		 20%	P2.11		 30%	P2.12		
B1.B	 50%	P2.1			 25%	P2.10			 15%	P2.11			 10%	P2.12			
B2.A		 15%	P2.6			 15%	P2.9				 15%	P2.10				 55%	P2.15				
B2.B		 30%	P2.6				 20%	P2.9					 30%	P2.10					 20%	P2.15					
B3.A		 20%	P2.9		 30%	P2.10		 20%	P2.11		 30%	P2.13		
B3.B		 30%	P2.9			 20%	P2.10			 30%	P2.11		 20%	P2.13			
B4.A		 50%	P2.2				 25%	P2.3				 15%	P2.14				 10%	P2.16				
B4.B		 30%	P2.2		 20%	P2.3		 30%	P2.14		 20%	P2.16		
B5.A		 25%	P2.4			 25%	P2.5			 25%	P2.7			 25%	P2.8			


















B1.A	 15		 90		 100		
B1.B	 15			 81			 100			
B2.A		 18			 95				 80				
B2.B		 18				 90					 85					
B3.A		 19		 43		 55		
B3.B		 19			 48			 45		
B4.A		 22				 52				 45				
B4.B		 22	 71	 40		
B5.A		 25			 5			 5			




















B1.A	 15		 90		 76	 76	
B1.B	 15			 81			 57	 62	
B2.A		 18			 95				 81	 33	
B2.B		 18				 90					 81	 43	
B3.A		 19		 43		 57	 43	
B3.B		 19			 48			 62	 38	
B4.A		 22				 52				 57	 38	
B4.B		 22	 71	 76	 81	
B5.A		 25			 5			 0	 14	






















































Figure	7:	An	example	of	50	primaries	 in	CIELAB	colour	 space	 connected	using	
Delaunay	triangulation	(reproduced	from	Hemingray,	2014	[15]).	
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Figure	8:	Relationship	between	the	number	N	of	primaries	 in	a	system	and	the	
mean	colour	difference	between	the	vertices	of	the	tetrahedral	that	can	be	formed	
(reproduced	from	Hemingray,	2014).	
	
	
	
	
	
